INTRODUCTION
============

Colonic diverticular disease is known to be a common disease in Caucasians, but to be relatively rare in Asians \[[@B1]\]. Nevertheless, due to recent improvements in diagnostic methods, increases in the geriatric population, and westernization of diet, the incidence of colonic diverticular disease in Asians, including the Koreans, has been shown to be on the rise. In Caucasians, colonic diverticular disease occurs preferentially in the left colon, particularly, in the sigmoid colon, while in Asians, it occurs preferentially in the right colon, including the cecum. According to a retrospective study performed in Korea on 12,599 patients who underwent barium enemas, colonic diverticular disease in the right colon is 6 times more prevalent than it is in the left colon \[[@B2]\]. In Caucasians, acquired false diverticula have been shown to be prevalent, while in Asians, congenital true diverticula are prevalent, and this occurs at ages 10-20 years younger than it does in Caucasians \[[@B3]-[@B5]\]. Colonic diverticular disease has been reported to be asymptomatic in most cases, and symptomatic cases account for 10% to 20% of all patients. In Caucasians, it occurs prevalently in the left colon. In Asians, it occurs prevalently in the right colon \[[@B2], [@B6], [@B7]\].

Patients with colonic diverticular disease without complications respond well to nonsurgical antibiotic treatments. However, if it recurs frequently or is associated with abscess, obstruction, fistula formation and other complications, surgical treatments are required \[[@B8]\]. In the West where the focus is on treatment for left colonic diverticular disease, a proximal colostomy and a 2-stage colectomy were suggested a long time ago. Since then, with the development of antibiotics, surgery has not been performed on all diverticular disease patients, and studies of surgical treatments, such as elective surgery after percutaneous drainage only, on cases associated with complications, primary anastomosis after intestinal irrigation during surgery, or laparoscopic surgery, have been reported \[[@B9]\]. In comparison, studies conducted in Korea on surgical treatments for diverticulitis with complications have focused mainly on right colonic diverticulitis, so reports vary from only a simple diverticulectomy and appendectomy to a colectomy. Reports on left colonic diverticulitis are rare. Therefore, in our study, the difference in clinical features, depending on the location of diverticulitis and the treatment method, were examined.

METHODS
=======

A retrospective study was performed on 96 patients diagnosed as having colonic diverticulitis at the Department of Surgery, National Police Hospital, from January 2007 to December 2009 by analyzing their medical record. For the 96 patients, the age of patients, gender, lesion site, early symptoms, status of complications, and status of surgery were analyzed. Of the 96 patients, 88 patients were diagnosed by using abdominal CT, 5 patients were diagnosed after surgery for appendicitis that had been erroneously diagnosed by using abdominal ultrasonography but really was cecal diverticulitis, and 3 patients were diagnosed by using abdominal ultrasonography. For the 5 cecal diverticulitis patients erroneously diagnosed as having appendicitis, only an appendectomy was done and subsequently conservative treatment was performed. Since the operations were not for diverticulitis, they were not included in the statistical analysis of surgery for diverticulitis itself.

Diverticulitis distributed in the cecum, the ascending colon, and the hepatic flexure was classified as right colonic diverticulitis (RD). Diverticulitis in the descending colon and the sigmoid colon was classified as left colonic diverticulitis (LD). In our study, indications for surgery were perforation associated with generalized peritonitis, abscess formation, diverticulitis that had recurred more than 3 times in 2 years, and cases that were unresponsive to conventional treatments and had progressed to peritonitis.

For the statistical analysis of factors that effects the selection of treatment methods, the chi-square test and the Mann-Whitney test were performed by applying the SPPS ver. 12.0 (SPSS Inc., Chicago, IL, USA). P-values less than 0.05 were considered to be significant.

RESULTS
=======

Characteristics of the patients and distribution of diverticulitis
------------------------------------------------------------------

RD patients were 86 cases, and LD patients were 10 cases. The ratio of RD to LD was 8.6:1, and RD patients were noticeably more abundant. Among the 86 RD patients, 56 patients developed diverticulitis in the cecum, 29 patients in the ascending colon, and 1 patient in the hepatic flexure. Among the 10 LD patients, 8 patients developed diverticulitis in the sigmoid colon, and 2 patients in the descending colon. Among the 86 RD patients, 52 patients were males, 34 patients were females, and the ratio of males to females was 1.53:1. The mean age was 39.5 years (range, 16 to 69 years). Among the 10 LD patients, 6 patients were males, 4 patients were females, and the ratio of males to females was 1.5:1. The mean age was 52.5 years (range, 38 to 70 years), and LD developed at an older age (P \< 0.001) ([Table 1](#T1){ref-type="table"}).

Clinical characteristics of diverticulitis
------------------------------------------

The most frequent symptom of colonic diverticulitis was abdominal pain. Other frequent symptoms after abdominal pain were leucocytosis, fever, nausea, vomiting, and changes in bowel habits. Although rare, a mass was palpated in some cases. Particularly, the incidence of surgery for patients with abdominal rigidity or palpable masses was high. The symptomatic duration from the onset of abdominal pain to hospital visit for the right colonic diverticulitis patient was an average 2.5 days, and that for left colonic diverticulitis patients was an average 2.1 days ([Table 2](#T2){ref-type="table"}).

Among the 86 RD patients, 16 patients were associated with complications. Among them, in 11 patients, the complication was recurrence more than 2 times, in 4 patients, it was abscess formation, and in 1 patient, it was unresponsiveness to conservative treatments and progression to peritonitis. In addition, among the 16 RD patients associated with complications, surgery was performed on 7 patients-4 patients with abscess formation, 2 patients with more than 3 instances of repeated diverticulitis in 2 years, and 1 patient unresponsive to conservative treatments with progression to peritonitis. On the other hand, among the 10 LD patients, 4 patients developed complications of diverticulitis. Among them, in 2 patients, the complication was perforation associated with generalized peritonitis, in 1 patient, it was unresponsiveness to conservative treatments and progression to peritonitis, and in 1 patient, it was two recurrences. In addition, among the 4 LD patients associated with complications, surgery was performed on 3 patients-2 patients with perforation associated with general peritonitis, and 1 patient unresponsive to conservative treatments and showing progression to peritonitis ([Table 3](#T3){ref-type="table"}).

In RD patients, 16 patients (18.6%) were associated with complications, and in LD patients, 4 patients (40%) were associated with complications. Although the incidence of complications was higher in LD than in RD, this difference was not statistically significant (P = 0.115). On the other hand, for RD patients, 7 (8.1%) were associated with complications requiring surgery while for LD patients, that number was 3 (30%). In comparison with RD, the frequency of complications requiring surgical treatments was higher in LD patients (P = 0.032). In addition, the incidence of complications requiring surgery was higher in older patients, but this difference was not statistically significant (P = 0.065). No correlation of gender to the incidence of complications requiring surgery was observed ([Table 4](#T4){ref-type="table"}).

Conservative treatments
-----------------------

Seventy-nine RD patients and 7 LD patients were improved by conservative treatments. Conservative treatments were fasting with intravenous fluid being administered until the amelioration of abdominal pain and antibiotic injection. The mean hospitalization period to discharge was 5.31 days, and after discharge, oral antibiotics were administered for an additional 7 days.

Two patients initiated conservative treatments at the time of admission, but were unresponsive to those treatments; they were treated with surgery. The 2 patients presented with abdominal pain associated with abdominal rigidity at the time of admission, but in CT performed at the time of admission, perforation, abscess formation, or findings other complications were not clear. Their symptoms were not improved by conservative treatment after admission. In one RD patient, abscess formation was detected by repeated CT on hospital day 4, and an ileocecectomy was performed. In one LD patient, peritonitis associated with perforation was detected by repeated CT hospital day 2, and a diverticulectomy was performed.

Surgical treatments
-------------------

In RD, surgical treatments were performed on 7 patients. Among them, a diverticulectomy was performed on 1 patient with repeated recurrence of a solitary diverticulum in the cecum, and ileocecectomies were performed on the remaining 6 patients. In LD, surgical treatments were performed on 3 patients. A diverticulectomy was performed on 1 patient who failed to improve when only conservative treatments were used and who had progressed to peritonitis, and a one-stage partial resection was performed on the remaining 2 patients ([Table 5](#T5){ref-type="table"}).

Complications did not develop in patients who underwent surgery for RD. Nonetheless, one patient received a diverticulectomy for left colonic diverticulitis in which an enterocutaneous fistula developed, and a partial resection was performed.

Follow-up observation after discharge
-------------------------------------

Among the 96 patients, follow-up observation was performed on 71 patients after discharge at outpatient clinics. Among them, colonoscopy was performed on 49 patients, and a barium enema was performed on 22 patients. Among the 71 patients, 7 were treated surgically, and colonoscopy was performed on all of them. On colonoscopic examination of these patients, no residual diverticula were detected. Excluding 7 patients who underwent surgical treatments, in 6 patients among 42 patients, a colonoscopic examination was performed and in 1 patient among 22 patients a barium enema was performed; no diverticula were detected. The numbers of diverticula in the 57 patients whose diverticula were detected by colonoscopic examination or barium enema and the 7 patients whose diverticula were confirmed in surgical resection tissues, were compared, and no clear difference between the right colon and the left colon was detected (P = 1.000) ([Table 6](#T6){ref-type="table"}).

DISCUSSION
==========

A colonic diverticulum is a small cyst abnormally protruded from the colon wall, and it is classified as a true diverticulum or a false diverticulum depending on whether it protrudes into all layer or just submucosal tissues \[[@B10]\]. A true diverticulim is a congenital diverticulim in many cases, and it is a protrusion of the entire layer of the colon. A false diverticulim is an acquired one in many cases, and it is the protrusion of the mucosa or submucosal tissues between the muscle layers of a colon weakened due to degenerative changes with aging \[[@B7]\].

Left colonic diverticula, which are prevalent in Caucasians, are primarily false diverticula, rare before the age of 30 years and multicentric in many cases, and their incidence increases with aging \[[@B11], [@B12]\]. On the other hand, right colonic diverticula, which are prevalent in Asians, have been reported to be true diverticula; 80% of the diverticula are solitary, they occur frequently in relatively young age groups, and age is not associated with the incidence \[[@B12], [@B13]\]. In other words, in Caucasians, due to the interaction of complex acquired factors such as diet habits, constipation, elevation of the internal pressure of the colon, abnormality of the movement of the intestine, irritable bowel syndrome, etc., false diverticula composed of primarily the submucosal layer are abundant in left colons with a narrow lumen, particularly, in the sigmoid colon. In Asians, because of the congenital weakness of the intestinal wall, true diverticula are abundant, particularly in the right colon \[[@B7]\].

In the West, diverticular diseases are very common. They have been reported to occur up to the age of 45 years and to occur in approximately 5% to 10% of the populations; after age 85, they occur in up to 80% of the population \[[@B14]\]. On the other hand, in Korea, the incidence of colonic diverticula is low. However, recently, the annual incidence of diverticula has been rise rapidly \[[@B4]\].

Diverticulitis is the representative disease in the diverticula. Feces enter the diverticula and form fecaliths that induce an erosion of the diverticular mucosa. It becomes severe while inflammation progresses and spreads to adjacent tissues. In the West, symptomatic diverticulitis has been reported to account for approximately 20% of all diverticulitis cases, and cases requiring surgical treatments reach 15-24% \[[@B15], [@B16]\]. In Korea, diverticulitis has been reported to occur in approximately 1.8% of all diverticula \[[@B2]\]. A study conducted on surgical patients reported that diverticulitis occurred in 28.6% of all diverticulosis cases \[[@B17]\]. In the West, it has been reported to develop preferentially in women, and the incidence does not vary with gender \[[@B18]-[@B20]\]. In contrast, in Korea, different from the West, it has been reported to occur preferentially in males \[[@B6], [@B21]\].

Examining the age for onset of diverticulitis in our study, the mean age of RD patients was 39.5 years, and the mean age of LD patients was 53.9 years. With aging, the incidence of LD was shown to increase. Fifty-eight patients were males, and 38 were females, which was not greatly different from previous Korean reports in which diverticulitis occurred more frequent in males. In Korea, RD has been reported to be more common than LD \[[@B22]-[@B24]\]. In our study, similarly, it was 8.6:1, and in comparison with RD, LD was less frequent.

The clinical features of RD have been reported to be similar to those of acute appendicitis. It is very difficult to distinguish them, and it has been misdiagnosed as acute appendicitis prior to surgery in many cases \[[@B7]\]. In our study, similarly, among 86 patients diagnosed as having right diverticulitis, many patients were diagnosed as having diverticulitis because of imaging tests performed for suspicious appendicitis at the initial diagnosis. Recently, the misdiagnosis rate appears to have been decreased greatly with the wide application of abdominal CT.

In Korea, RD shows better clinical outcomes. In contrast, in the West, RD shows a more severe course, and complications are more prevalent. One of its major causes for this has been suggested to be diverticulitis that develops in an area where it does not normally occur is overlooked,: thus, its diagnosis is delayed \[[@B16]\]. However, in our study, the interval from the onset of abdominal pain to hospital visit for RD patients was an average 2.5 days, and that for the LD patients was an average 2.1 days, being somewhat shorter in LD patients.

The incidence of complications requiring surgery was higher in LD patients, which may be due to right diverticulum frequently being true so that the entire layer of the colon is protruded. On the other hand, in LD, the lumen of the left colon is relatively narrow, and false diverticula protruding between muscle layers weakened due to degenerative changes are abundant. Thus, LD is associated with relatively more perforations, and the number of patients requiring surgical treatments is higher than it is for RD. According to a study reported by Kim et al. \[[@B23]\], complications (particularly perforation) were more prevalent in LD than in RD. In our study, similarly, the incidence of complications requiring surgery was significantly higher in LD patients than in RD patients.

In Korea, the incidence of left colonic diverticulitis is low, and it occurs in old patients in comparison with right colonic diverticulitis. The incidence of complications in left colonic diverticulitis is high, and particularly, the possibility of the development of peritonitis associated with perforation is high: thus, the frequency of surgery is high. Because of the aging of the population and the westernization of diets in Korea recently, the incidence of left colonic diverticulitis is on the rise. Therefore, for patients presenting with lower left abdominal pain, aggressive tests for diverticulitis and treatments are thought to be required.
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Age & sex distribution of the patients
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Numbers in parentheses are percentage.

RD, right colonic diverticulitis; LD, left colonic diverticulitis.
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Symptoms and signs
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Numbers in parentheses are percentages.

CT, conservative treatment; ST, surgical treatment; RD, right colonic diverticulitis; LD, left colonic diverticulitis.

^a^No statistics are computed.

###### 

Causes for surgical treatment in patients with colonic diverticulitis
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Values are presented as number (%).

RD, right colonic diverticulitis; LD, left colonic diverticulitis.
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Patient characteristics according to treatment method
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Values are presented as number (%).

CT, conservative treatment; ST, surgical treatment; RD, right colonic diverticulitis; LD, left colonic diverticulitis.
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Method of operation
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Number of diverticula
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P = 1.000.
